We compile a list of 50 long-period Cepheids (12 d < P < 70 d ) with light curves suitable for Fourier decomposition. For P > 20 d , the plots versus period of the Fourier quantities 4>21> 4>31' 4>41' and R21 all show a slow rise, with considerable scatter. Hydrodynamic calculations are performed to model the observed stars. The theoretical light curves are converted from bolometric to visual, and the Fourier coefficients compared with the observed ones. While the theoretical values follow the observed trends in a crude, general sense, differences are noted. At the lower end of the period range the models depart systematically from the observed stars. At longer period, the differences are much less striking, perhaps being obscured by scatter in the observations. We conclude that a detailed comparison between theory and observation must await a more extensive and accurate sample of observed stars.
1. INTRODUCTION Recent observations of Cepheids in the Virgo Cluster galaxies NGC 4571 (Pierce et al. 1994) and MlOO (Freedman et al. 1994 ) comprise a vigorous start on the final process that will nail down the Hubble constant, H o. The Cepheids monitored in these studies had periods which ranged from 20 to 90 d . Indeed, the extension of the primary distance scale to Virgo and beyond will depend upon observations made at the longperiod end of the Cepheid sample. Unfortunately, it is just these long-period Cepheids which have been least studied, both observationally and theoretically.
In the present work, we construct a grid of hydodynamic pulsation models and compare their (theoretical) light curves with those of a large observational sample of Cepheids with P> 12d. The method used is that of Fourier decomposition, where the light curves are fitted with a Fourier series, Ao + Aj cos (jwt + 4» [summation convention] , and their shapes quantified in terms of combinations of the low-order coefficients, viz., 4>jl = 4>j -Nl and Rjl = AiAI' We shall find that while the models crudely duplicate the observed runs of the Fourier coefficients, neither the calculations nor the observations are at present precise enough to determine fundamental parameters for the observed stars. Table 1 lists in order of increasing period 50 Cepheids with P > 12d. The first six columns give the star name and period, followed by the values of the Fourier quantities R 21 , 4>21, 4>31' and 4>41 as determined by Fourier decomposition (Simon & Lee 1981) of the V-magnitude light curves. The last column provides literature references as indicated in the footnote. The Pel data were converted from the Walraven to the Johnson system (using the prescription given by Pel 1976) before the Fourier technique was applied. The Cepheids are all galactic, except for five stars taken from the Saha et al. (1994) observations of IC 4182, the galaxy which contains the historical 1 Current address: Department of Physics and Astronomy, University of Glasgow, Glasgow GI2 8QQ, Scotland.
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Type la supernova, 1937C. The Table 1 sample consists of all stars in the cited references whose light curves were deemed suitable for Fourier decomposition (see, e.g., Simon & Lee 1981; Simon & Moffett 1985) .
In Figures 1-4 , we plot versus period the Fourier terms 4>21, 4>31' 4>41' and R 21 , respectively. The different symbols denote different observers as indicated in the captions. No set of observations stands out as distinct in these diagrams; this includes the data for the Cepheids in IC 4182 (see also Simon & Clement 1994) . The sharp rise at short period in all the Fourier terms is due to the Population I Cepheid resonance near 10 d (Simon & Schmidt 1976; Simon & Lee 1981) . Beyond 20 d , there is a slower rise with considerably more scatter. This is generally true of all the Fourier terms, except that the two stars of longest period break this trend by showing relatively small values of R21 (Fig. 4) .
A number of correlations may be noted among the Fourier terms. Figures 5, 6 , and 7 display plots of 4>41 versus 4>31, 4>31 versus R 21 , and 4>41 versus R 21 , respectively. In all three plots, the quantities are seen to increase in tandem. This agrees with correlations found between 4>31 and R21 among the RRc stars in w Centauri (Simon 1990a) , and between 4>41 and 4>31 in a group of galactic Cepheids of shorter period (Simon & Moffett 1985) . In Figure 5 , there are seven stars which stand out from the main trend. The five points which are below and the two above may be made to conform by increasing their values of 4>41 in the former case and decreasing them in the latter. The same changes applied to these seven stars in the 4>41 versus. R21 diagram (Fig. 7) are then seen to reduce the scatter in that figure significantly. Since the fourth-order Fourier term has the smallest amplitude of any treated here and is thus the most difficult to determine from the fit, it is not surprising that 4>41 may be in error for a number of stars. This analysis hints that the trends in Figures 5-7 (and perhaps those in Figs. 1-4) may be considerably tighter than they appear in the present data.
THE MODELS
We constructed 33 hydrodynamic pulsation models using the code TGRID (Simon & Aikawa 1986 ) with OPAL opacities. The chemical composition was X = 0.70, Z = 0.02 and Saha et al. 1994 ; B = Berdnikov 1994. convection was neglected. The model parameters had ranges: 5.5 ~ M ~ 12.0 M 0' 3.597 ~ log L ~ 4.534, and 5000 ~ T., ~ '5600. The bulk of these models followed the evolutionary relation (Chiosi 1989) log L = 3.61 log M + 0.94, (1) but a few were also calculated according to (Becker, Iben, & Tuggle 1977) log L = 3.68 log M + 0.46 .
(2)
Although more recent evolutionary tracks produce relations which differ somewhat from equations (1) and (2), we shall argue below that the Fourier coefficients of the theoretical light ~curves will be insensitive to such differences within the uncertainty caused by imprecision in the observations. The bolometric light variations produced by TGRID were converted to visual magnitudes by employing a bolometric correction at each point on the light curve. These corrections came from Table 1 of Kurucz (1991) . To determine the bolometric corrections as a function of temperature and gravity, we fit the Kurucz data in the range 3750 ~ T., ~ 8000 K, 0 ~ log g ~ 5 with the following expression
where With the theoretical light curves, visual and bolometric, thus in hand, we subjected both sets to Fourier decomposition. For almost all models, the visual Fourier terms had values slightly lower than the bolometric. The average differences, bolometric minus visual, were 0.11, 0.19, 0.24, and 0.015 fOf(P21' ¢31' ¢4l> and R 21 , respectively. These differences are of the same size but opposite sign to those given for a small number of cases by Simon & Moffett (1985) . We beleve that the Simon-Moffett values were reported with incorrect sign. Table 2 presents the model parameters along with the visual Fourier decomposition coefficients. In Figures 8-11 we plot versus period the runs of ¢21' ¢31' ¢41' and R 21 , respectively, for the hydrodynamic visual light curves. The open squares represent the models constructed according to equation (1) and the filled squares according to equation (2). The point near 14d occupies a unique position owing to the fact that the corresponding model happens to lie very close to the resonance p 2/ P 0 = 0.5. The remainder of the filled squares do not depart dramatically from the open squares, except perhaps in Figure  11 , where the R21 values corresponding to equation (2) seem generally smaller. In plots of ¢41 versus ¢31' ¢31 versus R 21 , and ¢41 versus R21 (none of them shown here), the two sets of models turn out to be virtually indistinguishable. In any event, given the scatter in the observational quantities (Figs. 1-4) , we did not deem it useful to pursue such differences further. Recent evolutionary tracks indicate a slope of about 4.0 in the luminosity-mass relation, and a zero point perhaps somewhere in between those of equations (1) and (2) (Simon 1995) . Once again, given the scatter in the observed data, the differences in Fig. 8 the theoretical Fourier terms occasioned by different luminosity-mass relations are not likely to be significant in any current comparison between observation and theory.
THEORY VERSUS OBSERVATION
In Figures 12-15 , we once more show plots of the Fourier quantities versus period. Here the filled squares represent the models (visual magnitudes) and the open squares the observed stars. In Figure 12 , the two sets generally coincide, except that the models cannot reproduce observed light curves with <P21 values of less than about 4.5. In the period range from about lOd to 30 d , the theoretical values of <P31 (Fig. 13 ) are systematically higher than those observed. At longer periods any differences are not so marked. Similar behavior may be noted in the <P41 plot displayed in Figure 14 , while Figure 15 shows theo-'retical R21 values that tend to be larger than the observed quantities for all periods longer than about 15 d , Recent studies comparing observed Cepheids with hydrodynamic pulsation models have been made by Buchler, Moskalik, & Kovacs (1990) and Moskalik, Buchler, & Marom (1992) . These studies were designed to probe the "bump Cepheid" region and hence were essentially limited to stars with P ~ 20 d • Nonetheless, in the domain of overlap between the present investigation and the earlier work, the results are very similar (see, in particular, Fig. 6 of Moshalik et al. 1992) . Since the hydrodynamic codes employed by the two groups are rather ~ different, the similarity of the theoretical light curves is encouraging. While there is some indication that observational error may playa large role in this scatter (see § 2 above), it may also be that the Cepheids of long period constitute a more diverse group than do the shorter period stars. Such a possibility is particularly interesting in view of some difficulties in accommodating the long-period Cepheid sample within the framework of standard evolutionary tracks (Simon 1995) ,
. Comparing the observed stars with theoretical calculations, Figures 12-15 show significant discrepancies among the shorter period objects, P ~ 20 d • This is a reprise of well-known failings of the hydrodynamic models (e.g., Simon 1990b). Among the long-period stars, the considerable observational scatter makes the situation less clear. The models may be more successful in this domain, but a test of this must await a larger, more accurate observational sample such as that now being compiled in MACHO studies of the Large Magellanic Cloud (Cook et al. 1994) . In any event, the old dream of using Fourier coefficients to precisely constrain Cepheid parameters still seems a long way from realization.
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